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GLOSSARY OF SYMBOLS

FA, a Aileron side-stick force, positiý,e to the right (lb)

"F's a Elmvator side-stick force, positive for a pull (ib)

• Rudder pedal force, positive for right rudder (Ib)

9 a Acceleration of gravity (ft/sec2)

a Altitude (ft)

a Nonlinear aileron force cornand gain (deglb)

K'. - Nonlinear elevator force command gain (deg/lb)

ArF5 - Steady-state feel systemi gain (deg or in./lb)

a Nonlinear steady-state gain of ra/'s transfer function" cl" tr n f r f n t o (' lb I)

K a, * Nonlinear steady-state gain of transfer function (" 's/lb)

- Yaw.ing acceleration per lb of rudder pedal force (rad/sec'/lb)

07 a Normal acceleration at center of gravity,
positive for a pull-up (g's)

ni 0ia Steaoy-state normal acceleration change per unit angle of
attack change, for constant speed maneuvering (g's/rad)

. a Laplace operator (1/sec)

V - Trimmed true airspeed (kiiots)
6As - Aileron side-stick deflection at pampoiie ote ih

(deg or in.)

Aileron deflection, radians
6

m.-j Elevator s-dc-stick deflection at palm, positivc aft (deg or in.)

Se Elevator deflection, radians

S - Rudder pedal deflection, right pedal positive (in.)

g'• Dutch roll damping ratio

4,, Phugoid damping ratio

CiS, = Short-period damping ratio

Co - Damping ratio of second-order numerator term
in f/4 transfer ftunction

4 9 Pitcn attitude (rad)

Z'r, a Roll mode time constant (scc)

t's - Spiral mode time constant (sec)

'a ;P Airframe lead time conscant in F constant speed
transfer function (sec)
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GLOS3ARY OF SYMBOLS (cont.)

- Roll attitude (red)

I / o - Absolute value of control fixed roll-to-sideslip
ratio evaluated at w -w4

wd Dutch roll undamped natural frequency (rad/sec)
Wp - Phugoid undamped natural frequency (rad/sec)

WSP w Short period undamped natural frequency (rad/sec)

wo a Undamped natural frequency of second-order numeretor
term in p/irAs transfer function ('.d/sec)

ILS Instrument landing system

P10 Pilot-induced oscillation

PR Pilot rating (Cooper-Harpor Scale)
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Section I

l NTRODLCr I 0.

Acceptance of the idea of using electrical commands as the priaary

or sole mans for a pilot to control his airplani makes feasible the use of

small side-stick controllers in operational aircraft. The use of a side-stick

wOth electrical commands, nonlinear gains, comand prefilters, response feed-

backs and signal shaping gives the designer a large number of parameters to

manipulate to achieve good flying qualities. These options also present the

research community with a vast number of combinations of system elements to

consider, especially if there are sigrnificant interactions.

In such situations economic considerations force experimenters to

limit the scope of any particular investig.tion by selecting what are hioped

to be representative values of many of the system elements, which are tben held

constant while parameters oi primary interest are varied in the experiment.

The primary area of interest in this in-flight invejtigation was

side-stick force-deflection characteristics. The major question was whether it

was necessary or desirable fur a side stick controller to have motion for gocl

flyinm qualities. A seconodry questiun was: it motion was found desirable,

how much motion is required and should the ar.'unt of motion be different for

flight pha;es and piloting tasks?

A flight test program was designed u-ing the USAF variable stability

NT-33A airplane with its variable feel side-stick controller. A configuration

representative of a modern high-performancc fighter was used as the base for

eviluating several values of side stick motion and aircraft control gain values.

The up-and-away tasks (Flight Phase Catzgory A) of formation, air-to-air

tracking and acrobatic maneuvering and the landing approach tasks (Flight Phase

Category CQ were evaluated. Two experienced test pilot- evIluated a total of

thirty-nine configuiations.



This report includes a description of the experiment, evaluation

procedure, equipment used and the airplane and control system parameters varied.

The experimental results are presented in the form of pilot cownents and pilct

rpt ings

I
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Section II

T••'iICAL DISCUSSION

Several questions have arisen from current experience with fixed,

force-command side-stick controllers. Most notable of these is whether a fixed

side stick provides adequate cues to the pilot or if some displacement is re-

quirtd or desirable in certain flight tasks. Thus the primary purpose of this

flight test program was to specifically evaluate force-deflection character-

istics of a sidc stick controller. The economic constraints of the program,

however, required that a number of airplane and control system parameters be

held constant during the evaluation program. Many of these parameters can have

a significant influence o.-,• the desired force-deflection characteristics.

Pitch-roll harmony is one aspect that is a- complex result of the

controller's force and deflection characteristics in the two axes together

with the vehicle response magnitude and dynamics in both axes. Because of the

large interactions involved, which complicate experimental definition and design
specifications of control "harmony", many different combinations of pilot-force

airplane-response characteristics i" pitch and roll together with combinations

of force-deflection characteristics would have had to be tested to define good

and bad control harmony. Consequently, in this experiment the "control harmony"

was selected from previously evaluated configurations for a fixed side stick.

Two values of control stick deflection were selected for each axis from pre-

viously flown configurations: a small motion value, selected to provide a

small but barely noticeable anount of motion, and a larger motion value

selected to provide a noticeable but not oojectionable or unrealistic amount

of motion.

Nonlinear command-response relat.ionships are quite common in the

latest generation of fighter type airplanes. Thes- nonlinear command gains

have been tried if an attempt to avoid overs.:.-itivity for small inputs while

also making avai.4Able maximum vehicle maneuver capability without excessive

force requirements. Another way to alleviate the problem of high sensitivity

is by using command prefilters which limit the bandwidth of pilot commands.

3
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There may also be considerable interactions between the effects of nonlinear

gains and command prefilters in terms of their effects on the control ser,-

sitivity characteristics. For this prograin, a linear spring gradient in cmbi-

nation with a set of nonlinear command gains and two different pitch command

prefilters (one for up-and-away flight and another for the landing approach)

were used. A description cf the command nonlinearities and the characteristics

of the two command prefilters is given in Section III. Still another non-

linearity that can have a strong influence on the acceptability of the force-

deflection characteristics of a controller is the breakout force, and the slop

or hysteresis in the system. Again, a representative breakout force in each

axis was selected and remained fixed.

Force commands were used in this e.xperiment even vhen the side con-

troller had movement. This was purposely done to insure chat the control

command gains, i.e., airplane response per force input, remained constant.

Since the side-stick mass and damping effects were small when the stick was

allowed to move, i.e., the feel system dynamics were sufficiently "fast", the

applied force and stick deflection are. related essentially by the static spring

gradient. In this case it makes little difference to the open-loop dynamics

whether force or deflection is used as the conmmand signal. Since the pilot is

capable of sensing force and deflection independently, the type of command

input could have an affect on the closed-loop dynamics. However, for the

relatively small stick deflections evaluated, the -eel system dynamics were

not expected to have a major influence on this experiment.

The physical characteristics of the controller also can have an

influence on the pilots evaluation of the force-deflection characteristics.

The pivot point about which the motion occurs has been found t3 be '.mportant,

as well as the size and shape of the controller grip. The size and location

of the arm rest can limit the motion capability of the wrist, especially for

combined pitch and roll inputs. The acceptability of the force-deflection

4



characteristics can also be influenced by the neod for trir and the type and

location of the trim control mechanism. Several types of trim system need to

be evaluated: autotrim, rate or position trim and series or parallel action.

In this experiment, the side-stick grip with an adjustable arm rest duplicated

one in a current hioh performance fighter airplane. A four-position trim

button provided rate trim. When the controller had motion, trim inputs were

rnflected in the controller position.

Controller-to-control-surface gearing, or control gain, can have a

major influence on the acceptability of the stick force-deflection character-

istics. Several values of control gain were evaluated; this was a major

parameter in this experiment. These con rol gearings were based on configura-

tions previously evaluated with a fixed side rtick and were selected to pro-

vide both overly sensitive as well as heavy control forces.

Another set of parameters known to be important are the airplane

dynamic characteristics. Of particular importance are the longitudinal short

period frequency and damping ratio and the lateral roll mode time constant.

In this experiment, the longitudinal short period and roll mode characteristics

were held constant at values which should give good flying qualities according

to MIL-F-8785B. One additional evaluation was performed with a reduced value

of short period damping ratio and one with an increased value of roll mode

time constant.

As evident by this technical discussion, a complete evaluation of

all the parameters having an irfluence on the pilot's assessment of the flying

qualities of a particular set of si'de controller/airplane characteristics would

be a major undertaking. In order to design a manageable size expf Lment to

produce valid results, it was necessary to select evaluation parameters and

airplane-control system characteristics from past experiments or from known

characteristics of operating airplanes.

s5
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Section Ili

DESCRIPTION OF THE EXPERIMENT

The variable stability NT-33A airrlanc with its variable feel -tide-

stick controller was used to investigate the iilfluence of side-stick motion

and force-response gain on the pilot's assessment of the flying qualities of

a high-performance fighter type airplane. The up-and-away tasks (Flight Phase

Category A) were acrobatics, formation and air-to-air tracking while the landing

approach tasks (Flight Phase Category C) consisted of an ILS approach and touch

and go landings.

3.1 Configuration Definition

Dynamic characteristics representative of a good high-performance

fighter airplane were implemented using the NT-33A variable system. The air-

plane dynamics are shown in Table 1 and the control system characteristics are

discussed in the next sections. The characteristics of the variable feel side-

stick controller were varied to allow evaluation of a fixed controller and two

sets of stick motion characteristics for different values of control force

command gain. Force commands were used in both tAe lateral and longitudinal

axes. Therefore, force-response gains such as steady-state and i5,/po

were unaffected by cmanges in feel system force/displacement gradient. The

basic layout of the evaluation matrix is shown in Figure 1. Since the number

of evalu.at- ons that could be performed was limited by available funding, it

was decidod to vary the longitudinal and lateral control force command gains

simultaneously while attempting to maintain control harmony between the two

axes. In addition to the basic airplane -onfiguration detined in Table 1, two

other up-and-away configurations were evaluated for the fixed and small-motion

side controller at the medium control sensitivity. One configuration included

a reduction in longitudinal short period damping ratio from 4, * 0.6 to 0.25

and the other looked at an increase in the lateral roll mode time constant from

Taz 0.2 to 1.0 seconds.

6



TABLE 1.

DYNAMIC CHARACTERISTICS OF SIhULATED AIRPLANE

Up-and-Away Tasks Landing Approach Tasks

(Flight Phase Category A) (Flight Phase Category C)

V ft/sec 300 145

h t 12000 4000

g/rad 33 7

2.1 0.9

cvsI rad/sec 5.0* 2.2

0.6* 0.5

wp rad/sec .09 .IS

.0s .05

sec .2"* 0.5

sc00 00z'$ SeCo o

WJdaJ#rad/sec 3.2 1.2
0.4 0.25

NOTE: reduce0 to rw, 0.2S, Wsp a 3.7 rad/sec,

for additional configurations

(See Section 3.4)

** increased to 1.0 secs for additional

configurations (See Section 3.4)

* The values of modal parameters are strictly

true only at the refersnce V and h . During

maneuvers the values vary with dynamic pressure.

7
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c• l)0 0

MEDIUM

LII

U_" (Th( 0
' HEAVY

VERY HEAVYi 0'
FIXED SMALL LARGE

Side-Stick Motion

Motion Force-Response Gain

deg/lb lb/g, lb/deg/sec

Symbol 6 Es/FES 6AS/FAS Symbol FES/nj, FAS/P- -

F 0 0 L
M see Figures

L .91 1.43 V5

Figure 1. Configuration Matrix for Both the Up-and Away
and Landing Approach Tasks
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3.2 Conti~ol System Me~chanization

The pitch and roll control systems for the simulated airplane wereI mechanized as shown in Figures 2 and 3. Force commands were used in both axes
to command th~e appropriate contr-il surface servo and surface deflection. For

those configurations whore side-stick motion was present, tht- feel system,
* which will be discussed in the next section, was in parallel with the force

command channel. In other words, pilot-applied stick force commanded stick

* motion and also control surface motion. The stick force/deflection gradient

and the control surface deflection per force input were therefore independently

variable in this experimuent.

Since the gearing or gain between stick force and control surface was

nonlinear as shown in the schematic of the control system, the force-response

gain was nonlinear. The details of the nonlinear stick force gain in pitch

and roll are presented in Section 3.4 where the evaluation configuration char-
acteristics are summarized.

Two first-order 20 rad./sec filters were included in the roll axis to

suppress unwanted high-frequency "noise" in the roll force channel. These
filter dynamics are felt to be far enough removed from the dominant roll dy-
namics so as not to be a significant factor in the lateral control response;

however, they do attenuate high frequency force inputs and cause a small delay
and high frequency phase shift. In the pitch channel two different first-

order filters, one for each flight phase, were included as representative con-

01o system dynamics for a highly augmente,.. fighter airplane. A breakout force

of 1.0 lb was included in both the pitch and roll command channels.

The rudder command channel was mechanized in a simple linear fashion

using position commands with a very high force/displa&cement gearing to effect-
tively simulate a force command system. No additional control system dynamics

were intr~oduced into the rudder command channel.

9
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7!
3.3 Fpal Systoe Noamitatiqm

As discussed in the prevloua section, the feel system was mechanized

in parallel with the force commsmd channels to the pitch and roll control sur-

faces. The simplifiet block diagram showm in Figure 4 illustrates this con-

cept and documents the force/displacemnt transfer function for the feel sys-

tea. Section 3.7.2 discusses the features of the side-stick controller in

Moro detail.

The gradients of force versus displacement, F/I , used in this

experiment, along with the identification symbols used through this report,

Sy, ol ES/451 FAS /S.,

F Fixed Fixed

S 2.0 lb/dog (27 lb/in.) 1.3 lb/deg (17 lb/in.)

L 1.1 lb/deg (iS lb/in.) 0.7 lb/deg (9 ]b/in.)

NOTE: Distan-e from side stiAk pivot to finger reference a 4.25 in.

For the Rudder: Fqp/61 p - 120 lb/in. an. :SRP limits + 0.5 in.

3.4 ofQa ,% iAtn Characteristics

Since nonlinear gearings were used in pitch and roll, the steady-

state air lane responses are nonlinear functions of the st:ck force. The com-

mand force per steady-state pitch and roll response are plotted in Figures 5

and 6, for the two flight phases, in the form of elevator stick force versus

stedy--state normal acceleration (r'F 3 /n 5 ) and aileron stick force versus

stiady-state roll rrte (FA51P ). The symbols shown, L, M, H and VH, will be

used throughout the report to identify the levels of nonlinear comand force-

12
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Input System Airplane Dynamics Response

Figure 4. Feel System Mechanization
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Figure 5. Control Force-Response Gains, Up-and-Away
(Flight Phase Category A)
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14 ---Lending Approach ..... ........ . ..............
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v, deg/s'- (Steady State)

Figure 6. Control Force Response Gains, Landing Approach
(Flight phase Category C)
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response gains. These symbols refer to light, medium or nominal, h-aavy, and
very hoavy side-stick forces. The levels are for identification purposes within
this experiment and should not be considered as absolute indicators of control
force-responst gain levels. For example, the configurations identified as H had
low values of control force gain and therefore the stick force required to
achieve a given steady-state response was heavy.

The rudder control sensitivity used was approximately:

Up-and-Away Landing Approach

.01 ra/e .004 rdsc

Each configuration consisted of a set of simulated airplane dynamics,
a selected pair of nonlinear pitch/roll command force-response gains (L, N,
H or VH) and a level of side-stick controller motion (fixed, F: sm"ll, S;

large, L). Nine configurations were evaluated at each flight conidition, plus
four additional up-and-away configurations with changes in longitudinal short
period damping ratio, 4',,, , or lateral roll mode time constant,. rt

Summarizing the information in Sections 3.1, 3.2 and 3.3, the approxi.
mate constant-speed normal acceleration and roll rate transfer fujnctions for
side-stick force inputs are listed below:

Up-and-Away (Flizh' hase Category A):

F&, S ( f ) (02 )s. )4 2(0.7).s

S V.S Trf A J.cVO OVNAt"IC5

p ~Kp~

FA6 ( +2)5( 2 *2)( . , 0 / .7) 5 -

5 rlcc LL CA A11- cvrOL StIR~AACC
'0C C a

r r SERVO DYIVAsV/CS
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Two configurations with the nominal force-response gain (M), one with

a fixed stick (F) and the other with small stick motion (S), were evaluated with

4,reduced to 0.25 (from 0.6). In addition, the same two nominal configurations

were evaluated with T,, increased to 1.0 secs (from 0.2 secs). In each caLse, the

command channel gains were adjusted to retain approximately the nominal (M)

steady-state control force-response gains shown in Figure 5.

Landing Approach (Flight Phase Category C):

F7 K;1

"'A 20*-' 0.si(f~ (0.7)5 )

*steady-state nonlinear gain shown in Figures S and 6.

3.5 Evaluation Pilots

The two evaluation pilots used in the program~ were both members of

the U.S. Air Force Test Pilot School staff and have extensive flight v Id test

pilot experie~nce. Pilot A had over 4000 ours total flight time with 550 hours

considered flight test experience. Pilot B had over 3800 hours with 800 hours

of flight test experience.

To ensure that the configurations were evaluated against a commnon

criterion, the pilots were briefed collectively on the evaluation tasks,

maneuvers, rating scale (Figure 7) and comment cards. Although the generalI

experimental design was discussed during the pre-evaluation briefing, the

17



pilots were not given prior knowlt.'ge about the specific configurations to be

evaluated.

HU V fttal f'

040000 - 54 mw0a W P.10 COP.100400 ~ t

L.1'l 010050 p~lct COWW~ý~f ISlgoC

lt ~
4

1
0
4K O ,IPrc S lea., cm 4W

mam4,0 4K . "MWM 1OCO ~ 010,111,0 04 OW pclI'0n 11

toadit810 OMQut.14V 'ea a .e eh

Fiur 7." Cope-are filoCtiRtigScl

Pilot comment data was1th majo sucksl for I.dermng wh apio

piloti raigNh iot were intuce to make g p miiot comeOnt ata0tm

on te Piloet cards.t dthe complthe pilot sournt car dieperoduced be aplow:

18



UP-AND-AWAY PILOT COMMENT CARD

A. Make any general comment! pertinent to evaluation

(task performance)

B. Make specific commnents about:
1) Ability to trim (did you trim?)
2) Stick forces

3) Stick motion

4) Control harmony
5) Predictability of airplane response toI- pilot inputs
6) General airplane control (longitudinal and

lateral-directional)

a) During close formation, pilot rating

b) During air-to-air tracking, pilot rating

c) During maneuvering flight, pilot rating
7) Effects of turbulence

C. Summary commnts:

1) Good features

2) Objectionable featuresI 3) Special piloting techniqlues
4) Pilot rating based on mission task
5) Give primary reasons for ratings
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LANDING APPROACH PILOT COMMENT CARD

A. Make any general comments pertinent to evaluation

(task performance)

B. Make specific commnts about:

1) Ability to trim (did you trim?)

2) Stick forces

3) Stick motion

4) Control harmony

5) Predictability of airplane response to

pilot inputs

6) General airplane control (longitudinal and

lateral-directional)

a) During approach to runway

b) During flare and touchdown

c) On closed pattern

7) Effects of turbulence/crosswinds

C. Sizmaxy comments:

1) Good features

2) Objectionable features

3) Special piloting techniques

4) Pilot rating basee on mission task

5) Give primary reasons for ratings
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Pilot A evaluated all of the configurations and Pilot B evaluated 14

of the 22 configurations. Sufficient repeat evaluations were provided for both

pilots to determine pilot repeatability.

3.6 Evaluation Procedures

The evaluation mission was defined in the context of a high perfor-

mance fighter including up-and-way tasks (Flight Phase Category A) of forma-

tion flying, air-to-air trackir.. and acrobati"s, and landing approach I As

(Flight Phase Category C) consisting of an ILS approach and closed patt,.n

touch-and-go landings.

The up-and-away evaluations were performed about a nominal speed and

altitude of 300 kts and 12,000 feet with a target airplane. Evaluation

instructions were as follows:

(1) Check ability to trim.

(2) Perform suall maneuvers about level flight or other

maneuvers to obtain familiarization with the configuration

and to investigate the acceptability of the control

system sensitivities.

(3) Join on the target airplane and fly loose parade formation.

Tighten up the formation compatible with the airplane

handling qualities and safety considerations. Drop back

and fly in trail formation during larger target airplane

maneuvers.

(4) Assume a "perch" position above, behind and laterally

displaced from the target airplane. Close and track the

target airplane, at ranges between 1000 and 1500 ft, to

obtain steady tracking information. Assume an offensive

role while the target airplane performs defensive maneuvers.
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(5) Assume a defensive role as the target airplane assumes a

perch position and attempts to close and track the NT-33A.

(6) Independent of the target airplane, perform sufficient

rolling and overhead acrobatic maneuvers to assess the gross

maneuvering capability of the configuration.

(7) Relinquish control of the airplane to the safety pilot,

complete the pilot comment card and provide separate

Cooper-Harper ratings for the formation, air-to-air tracking,

and acrobatics tasks as well as for the overall configuration.

The landing approach evaluations were performed at a nominal approach

speed of 145 kts. The evaluation instructions ware as follows:

(1) Perform small maneuvers about level flight or other maneu-

vers to obtain familiarization with the configuration and
to investigate the acceptability of the control system

sensitivities.

(2) Perform an ILS approach to a touch-and-go landing.

(3) Operating in a closed pattern, perform sufficient touch-

and-go landings to evaluate the configuration in the landing

approach phase.

(4) Relinquish control of the airplane to the safety pilot,

complete the pilot coment card and provide a Cooper-Harper

rating for the configuration.
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3.7 Equipment

3.7.1 NT-33A Aircraft

The aircraft used for the flight evaluations was ths USAF variable

stability NT-33A, shown in Figure 8 and described in detail in Reference 1.

Briefly, the NT-33A airplane is an in-flight simulator capable of reproducing

with a high degree of fidelity the dynamic response and control system charac-

teristics of an entirely different airplane. The response feedback variable

stability system modifies the static and dynamic responses of the basic NT-33A

by commanding control surface positions through full authority electrohydraulic

servos. The front cockpit controls are disconnected from the NT-33A control

system, and the evaluation conzigurations are flown from the front cockpit

through a fly-by-wire control system. A programmable analog computer,

associated aircraft response sensors, control surface servos, and an electro-

hydraulic force-feel system provide the total simulation capability. The

safety pilot can vary the computer gains through controls located in the rear

cockpit and thus change the airplane dynamics and control systev character-

istiCs in flight.

3.7.2 Variable Feel Side-Stick Controller

The electrohydraulic variable feel side-stick controller is shown in

Figures 9 and 10 and described in Reference 2. This side stick is capable

of operating as a rigid stick with force commands to the aircraft surface

servos or it can be operated as a moving control in both pitch and roll with

independently variable spring gradients in each axis. When stick motion is

permitted, the control surfaces can be commanded with either control force or

control motion. The characteristics of the side-stick controller cani be varied

by the safety pilot in flight.

1. Hall, G.W. and R.W. Huber: "System Description and Performance Data
for the USAF/CAL Variable Stability NT-33A Airplane." AFFDL-TR-70-71,
June 1970.

2. Hall, G.W., R.W. Huber and W. Close: "Development of an Airplane
Electrohydraulic Variable Pool Side-Stick Flight Controller," Caispan
Report No. AK-S280-F-3, September 1974.
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Figure 8, NT-33A Variable Stability Aircraft
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Section IV

DISCUSSION OF EXPERIMENTAL RESULTS

This section sumarizes and discusses the effects of variations in
side-stick force-command gain and stick motion on the flying qualities of an

advanced fighter aircraft. The results of the experiment which was described

in the preceding sections are in the form of pilot ratings and pilot commients.

A complete summary of the pilot ratings and pilot comment summaries for all the
tasks evaluated in both the up-and-away and landing approach flight phases, is

presented in Appendix A.

For clarity in ascertaining trends, the results are presented in the

following sections in the form Gf "averaged" pilot ratings. The individual

plot ratings are also shown on each figure. These "averaged" pilot ratings

represent the average of all the evaluations for a given configuration and are

terefore siiiq~le averages. The first sections discuss the results for the up-

ad-away tasks (Flight Phase Category A) followed by a discussion of the landing

P ~approach evaluations (Flight Phase Category C). Two general observations are

worth making at this point: at no time did the evaluation pilots notice the non-

linearity in their control force responses, and the results which follow were

all obtained in essentially smooth conditions with no crosswinds present.

Insufficient data were obtained in crosswinds and significant turbulence to
warrant inclusion in this report, however, it can be stated that crosswind!, did

tend to degrade pilot performance and pilot rating.

4.1 Close Formation Task

As discussed in Section 3.6, the evaluation pilots were asked to give

separate pilot ratings (PR) for each of the up-and-a'iay tasks as well as an

overall rating for the mission. The averaged pilot ratings for the close for-.

mation task are presented in Figure 11 for each of the configurations evaluated.

For the configurations evaluated with a fixed side stick (F), there

is a sharp gradient in PR with variations in control force gain with the nominal

configuration (M) receiving the, best rating. In each case, the introduction of
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VERY HtAVY Rating
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Side-Stick Notion

Motion Force-Response Gain

deg/lb lb/g, lb/deg/sec
Sybol 6 ESIFES 6AS•F•S SymbolI FES/n|, FAS/P

F 0 0 L
S .50 .77 N see Ftgures
L L 5, 6
L .91 1.43 V6

Figure 11. Pilot Rating Data for Formation Task
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sore stick motion (S) improves the rating, particularly for the case with the

lightest force-response gain (L). As previously explained, the force-response

gain and motion variations were made simultaneously in both the pitch and roll

axes of the side stick. Although not specifically optimized, these variations

were designed to retain good control harmony. The results further indicate

that for the formation task the pilot is insensitive to the amount of n•otion

present after the initial improvement shown with the smallest motion studied
(5).

4.2 Air-to-Air Tracking Task

The pilot rating results for the air-to-air tracking task evaluations

are shown in Figure 12. This task was more demanding in terms of the aircraft

flying qualities than the formstion task. Again, the ratings for the fixed

stick (F) show a sharp gradient in rating with the nominal configuration (4)

receiving the best rating. For this task the introduction of stick motion is

clearly beneficial for the medium (M) and lightest (L) force-response gain con-

figurations, while fturther increases in motion result in a degradation in pilot

rating.

4.3 Gross Maneuvering Task

For the acrobatic or gross maneuvering task. the results are very

similar to those presented for the formation task and are shown in Figure 13.

4.4 Overall Up-and-Away Fighter Xistlon (Flight Phase Category A)

Each up-and-sway evaluation was sumarized in the form of an overall

pilot rating for the mission which consisted of the three tasks previously pre-

sented: foruation, air-to-air tracking and gross maneuverinj. These averaged

overall ratings are presented in Figure 14 for each configuration.
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Figure 12. Pilot Rating Data for Air-to-Air Tracking Task
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Figure 13. Pilot Rating Data for Gross Maneuvering Task
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Figure 14. Overall Pilot Rating Data for Up-and-Away Fighter Mission
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The overall results for the fixed stick indicate that the aircraft

was unsatisfactory (MS~ 3.5) for all values of force-response gain tested;

the best rating was again the nominal value of force-response gain (M). Although

this configuration does not necessarily represent the opti.mum force-response gain

* value for the fixed stick, the data do indicate that the fixed stick is very sen-

sitive to the value oi force-response gain selected. In other words, the range

of reasonable values of force-response gain is quite restricted for the fixed

* stick. For the lighter -force-response gain cases (L, M), the primary complaints

were centered around the oversensitivity of the pitch axis; whereas for the

heavier force-response gain cases (H, VH) the problems were related to heavy

forces and overcontrolling, particularly in the roll axis.

In all cases, the addition of a small amount of contr-il motion (S)
imprvedthe PR, particularly for the lightest force-response gain configura-

tion (L) where the rating changed from PR a 6.5 to 3. In this case, the air-

craft was overly sensitive with the fixed stick but the small amount of motion

apparently smooths the pilot's input insufficiently to reduce the initial re-

sponse to a satisfactory level; the stick motion~ apparently acts like a fi.lter

on the pilot's stick force input, much like an electronic prefilter would.

Further increases in control motion for the two lighter force-resnonse

gain cases (I., M4) result in a degradation in ýae flying qualities, although the

gradient of the changes in PR is small. This degradation is associated with a
renewed tendency to overcontrol although the source of this problem is not

initial abruptness, as is the case for the fixed stick, but sluggish initial

response. The excessive motion apparently interferes with the pilot's force

input to the control surface to an extent that the predictability of the

response is degraded.

For a given amount of motion (S or L): the results indicate that there

is no gradient in PR with changes in force-response gain particularly for the two

higher force-response gains tested (L, M)O. This result is in contrast to the

fixed stick cases and indicates that with a little motion, a greater range of
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force-response gains can be used satisfactorily.

Typical pilot comments are presented in Figure 15 while the results

of the up-and-away evaluations (Flight Phase Category A) may be summarized as

follows:

0 The fixed side stick was not satisfactory (PR 3 .. S)

for the up-and-away fighter mission.

* The two configurations with the lighter force-response

gains (L, M) were improved to a satisfactory rating

(PR S 3.5) by including a small awount of control stick motion.

0 Control stick motion reduced the abruptness of the initial

response and, used judiciously, can be beneficial in im-

proving the flying qualities of an overly sensitive airplane.

0 Selection of the valu .:f control force-response gain for

a fixed stick was more critical than when stick motion was

present.

0 The air-to-air tracking task was the most critical of the

up-and-away tasks.

4.5 Additional Configurations

Two configurations with nominal force-,response gain (M) and two levels

of stick motion, fixed (F) and small (S) were selected for variations in short-

period damping ratio, •s., and roll mode time constant, Z"r . The results of

varying • from the nominal value of 0.6 to 0.25 are presented in Figure 16;

Figure 17 shows the pilot rating change with a variation in r, from 0.2 to

1.0 secs.

In both cases, the effect of the variation is most pronounced for the

fixed stick configuration (F) while the configuration with small motion shows

little change in pilot rating. While the data base is obviously limited, it

appears that a fixed stick is more ýensitive to small changes in characteristics
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Typical Pilot CounInts

Good tracking.
Too sensitive, Very slight Motion too large.overcontrolling 0J tendency to 0. Bobble in tracking.

LIGHT in pitch. PO in
formation.

Bobbling in Small tendency to
Spitch during ( Smcnth in pitch.('n overcontrol in

tracking. Good aircraft. '*./ pitch.

Bobble in roll,
w heavy, notsatisfied with Roll tracking

sEatisperfoedancedifficult, heavy.performance.

Solid aircraft,
too slow responding,
extremely heavy forces,

vERY HEAVY sort of lateral PIO.

FIXED WMALL LARGE

Side-Stick Motion

Notion Force-Response Gain
deg/lb lb/g, lb/deg/sec

Symbol 6ES/FES 6AS/F .s SymIbol FES/np, FAS/p

F 0 0 L
.. see FiguresS .50 .H 5, 6

L .91 1.43 VH

Figure 15. Typical Pilot Comments for Up-anu-Away Fighter Mission
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Changed to 0.25, Up-and-Away

S sP.0 .6 - s 0.25

LIGHT

A4)6-10-AS E A3 =A10A4
C1 MEDIUM
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VERY HEAVY

C). (© .,.Co.+)

FIXED Side-tic LARGE

Motion Force-Response Gain
deg/ib lb/g, ib/deg/sec

F 0 0 L
S, .5 .7 M see Figures

L .91 1.43 VH

Figure 16. Effect on Overall Pilot Rating of Decreasing ýS
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ITR Changed to 1.0 sec, Up-and-Away

3 R 0.2-* TR • l0 1

o( 0 0
LIGHT

A3 miA3Q
U MEDIUM

4 0
HEAVY

VERY HEAVY

FIXED SMALL LARGE

Side-Stick Notion

Notion Force-Response Gain
deg/Ib lb/g, Ib/deg/sec

Symbol aES/FES 6As/FAS Symbol FES/n 5 , FAS/P

F 0 0 L
M see Figures

S .50 .7 H• H 5, 6
L .91 1.43 VH

Figure 17. Effect on Overall Pilot Rating of Increasing TR
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which affect the precirion of control. Increases in rg impact on the precision

of bank angle tracking and a reduction in 4. degrades the predictability of

the pitch respornfe. A similar trend was discussed in the previous section

where the results indicated that the fixed stick configurations are more sen-

sitive to variations in control gain.

In summary, then, configurations with a small amount of control mo-

tion are apparently less sensitive to small variations in parameters such as

T• and force-response gain than the same configuration with a fixed

side stick.

4.6 Landing Approach Tasks (Flight Phase Category C)

For the landing approach evaluations, each pilot flew an ILS approach

followed by several touch-and-go landings. A single overall pilot rating was

given for each configuration and the results sre presented in Figvre 18.

Both pilots were highly critical of those configurations that were

considered to have heavy forces (low control gain). Two configurations with

heavier than the nominal force-response gain (IH) were evaluated: one with a

S.,. conti stick (F) and the other for a small amount of motion (S). Both

-figurations were given a pilot rating of 6. The heavy control forces were

a factor in both ratings; however, the pilot comments indicate slightly dif-

ferent problems. With the fixed controller there was a tendency to bobble the

airplane in pitch. With the motion controller there was also a pitch problem

but it was described more as a tendency to o*',r-r~tate and balloon during the

flare. With the motion controller, the pilots complained about the sloppy

lateral _ arl sidered it a major objection while no mention was made

of a lateral control problem with the fixed stick and heavy forces.

One configv '4on with very heavy forces (VH) and a fixed stick (F)

was evaluated. This .Aiguration was rated unacceptable, with adequate
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Landing Approach

(Flight Phase Category C)
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Figur~e 18. Pilot Rating Data for Landing Approach Task
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performance not attainable (PR.7). The major complaint was the extremely heavy

forces in both pitch and roll. It was considcred necessary to use trim just to

flaw the airplane, and there was a problem predicting the response in pitch.

Lateral control was not particularly a problem.

For the nominal (M) force-response gain, three configurations were

evaluated: one with a fixed controller, one with a small amount of motion

and a third with relatively large motion. With the finad stick (F), one pilot
noted that the control forces were a little heavy and that there was a slight

tendency to PlO in pitch during the flare maneocer, particularly when one's

attention was diverted. With a small amount of motion (S), the pilots felt the

control forces were light with a slight tendency to over-rotate or overcontrol

in pitch during the flare. With the large stick notion (L), they felt the air-

plane was slow to respond because of the large motion. Although the control

forces were considered comfortable, the large stick motion was objectionable

but not as much in pitch as it was in roll.

At the lightest force-response gain (L) evaluated, the forces on the

fixed controller were considered very light with the comment that you had to be

very careful with you:r control inputs due to the high sensitivity. There was

also a little tendency to overcontrol in pitch during the flare. The high

force-response gain, small motion (S) controller was the best configuration

evaluated for the landing approach task. The pilots reported that they liked

the light stick forces and that there was no problem at all with the flare and

touchdown maneuver. They did note that the controller motion was more noticeable

in roll than it was in pitch. With large controller motion, the pilots com-

plained about the excessive stick motion and noted that there was a tendency to

put oscillatory inputs into the pitch stick during the flare. This resulted in

a tendency to overcontrol in pitch.

In the landing approach, pilot preference favored the small motion

side stick with lighter than nominal force-response gain. All of the configura-

tions evaluated with the fixed side stick were noted to have sow difficulty,
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usually described as a bobble or PIO tendency, in controlling the pitch re-

sponse during the flare and touchdown maneuver. This is indicative of a high-

frequency type control problem. For those configurations evaluated with motion

that had a pitch control problem, the description of the problem indicates more

of a low frequency control problem. It was also observed that any side stick

motion was always more noticeable in the roll axis than in the pitch axis.

Typical pilot commtts are presented in Figure 19. The results of

the landing approach evaluations (Flight Phase Category C) may be summarized

as follows:

e The fixed stick was considered satisfactory for the

landing approach task (PR:! 3.5), provided that the forces

were not too heavy.

• The configuration considered best had light force-

response gain and a small amount of control stick motion.

0 All of the configurations evaluated with the fixed stick
had some degree of pitch 'bobble during the flare and

touchdown.

• Large amotirts of control motion were more ob ectional in

the lateral axis than longitudinal axis.
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Figure 19. Typical Pilot Comments for Landing Approach Tasks
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Section V

CONCLUSIONS

Tie following conclusions are based on an in-flight investigation of

the effects of variations in control motion and control force-response gain on

the flying qualities of a modern fighter airplane employing a side-stick con-

troller. These oonclusions must be considered in the context of the particular

combinations of feel system, control system and airplane characteristics simu-

lated in this experiment.

1. The best configurations evaluated for the up-and-away (Flight

Phase Category A) and the landing approach (Flight Phase

Category C) tasks were those that had low control force-

response gain and a small amount of side-stick motion.

2. The fixed side-stick controller was considered satisfactory

(PR !- 3.5) for the landing approach tasks but not for the

up-and-away flight tasks.

3. For the up-and-away tasks, a small amount of side-stick motion

was beneficial in smoothing the initial response and thus

improving the flying qualities of an airplane that was con-

sidered overly sensitive with the fixed stick. A properly

designed electronic prefilter could possibly achieve the

same result.

4. Additional research is required which includes more systematic

variations in the character 4 .stics of the various elements in

the overall pilot-vehicle combinations, i.e., feel system,

control system and aircraft dynamics, before more general

conclusions can be reached about side-stick controller

characteristics.
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Section VI

RECONMDATIONS

The desirable force-deflection chcracteristics for a fighter side-

stick controller are influenced by many aircraft and control system parameters.

Such factors as :ommand prefilter dynamics deserve more systematic study than

was possible within the limited scope of this experiment. For example, the

up-and-away results for the fixed side-stick evaluations may well have been

improved with altered pitch command channel prefilter dynamics. In addition,

desirable control harmony characteristics for side-stick controllers are not

well documnted and should be studied further. It is therefore recommended

that a more thorough in-flight research program be undertaken to provide a

more complete data base for the design of modern fighter side-stick controllers.

t -
I-



Apkenai x A

PILOT COMMENTS

This appendix presents the summarized pilot comments for each con-

figuration evalvated in this experiment. These pilot- comment .tummaries were

prepared from transcriptions of the recorded comments made by the pilot during

each evaluation in support of his task and overall ratings. Only the important

comment headings from the Pilot Comment Card discussed in Section 3.5 are

included in the comment summaries. In cases where comments were made on the

"Effects of Turbulence" or "Special Piloting Techniques", these comments are

included under the "Summary Comment" heading.

The control force-response gain/stick motion identifiers for each con-

figuration used in the heading block for each set of comments are consistent with

those presented in Section 3. The letters "A" and "B" after the configuration

number refer to the evaluation pilot, while "U" indicates up-and-away (Flight

Phase Category A) and "L" landing approach (Flight Phase Category C) evaluation

tasks. The pilot ratirTgs (PR) for the up-and-away evaluation tasks are re-

ported in the same order as on the comment card, i.e.,

PR: Formation/Tracking/Maneuvering/Overall

For the landing approach evaluations, only a single overall rating was given.
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FLT NO.: 1553
CONFIG.: IUA
FORCE/MOTION: L/F
PR: 5/7/6/6

PILOT (XCUENTS

TRIM - no problems.

STICK FOICES - aileron okay, pitch too light.

STICK NOTION - no comments.

CONTROL HARMONY - poor, can't avoid pitch inputs when rolling.

PREDICTABILITY - tend to overcontrol in pitch and lateral,
OF RESPONSE especially in turbulence.

FORMATION - overcontrol in pitch - not a real problem,
but more than annoying.

AIR-rn-AIR - pitch control a problem; performance poor.TRACKING

GROSS MANEUVERING - no problem with left rolls (using palm of hand)
but right can't roll as fast - must be careful.

- pitch forces too light, overcontrolling. I
SLNMMARY - too sensitive in pitch.

- control harmony poor.

- turbulence increases overcontrol tendency.

kI
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FLT NO. 1555

CONFIG.: 1UB
FORCE/MOTION: L/F
PR: 7/8. 5/6/7

PILOT COMMIENTS

TRIM - difficult to trim in pitch without
inadvertant inputs.

STICK FORCES - light in pitch.

STICK MOTION - not noticed.

CONTROL HARMONY - not particularly good, too sensitive in pitch.

PREDICTABILITY - pitch sensitive and roll a bit stiff.
OF RESPONSE - unable to prevent inadvertent pitch inputs.

- roll okay.

FORMATION - difficult to hold position in pitch, tended to
overcurrect and get into a PlO.

AIR-TO-AIR - control in pitch in question.
TRACKING

GROSS MANEUVERING - not as bad as tracking, but requires extensive
compensation.

SUMMARY - primary objection is oversensitivity in pitch.

- must fly very smoothly.
- difficult to trim in pitch.
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FLT NO.: 1S57
CONFIG.: 2UA
FORCE/MOTION L/S
PR: 3/3/2/3

PILOT COMEENTS

TRIM - no problems.

STICK FORCES - good-

STICK MOTION - not noticed.

CONTROL HARMONY - real fine.

PREDICTABILITY - good.
OF RESPONSE

FORMATION - tend to PIO a little when attempting tight control.

AIR-TO-AIR - best tracking to date.
TRACKING - some very slight lateral pipper oscillations.

GROSS MANEUVERING - good.

SUMMARY - good "g" control,

- objected to slight tendency to PIO in formation.

4
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FLT NO.: 1S59
CONFIG.: 3UA
FOR•E/MOTIOI4: L/L
PR: 4/6/3/S

PILOT CNNTS

TRIM - no problem.

STICK FORCES - light.

STICK NOTION - excessive, felt like a "wet noodle",
didn't like it.

CONTROL HARMONY - no problem, both poor.

PREDICTABILITY - not as predictable as desired, response was
OF RESPONSE slow, seemed delayed.

FORMATION - almost in a lateral PIO.

- tendency to ratchet in roll.
t - pitch was easy to control, no tendency to

overcontrol.

AIR-TO-AIR - lateral PlO develops when tracking.
TRACKING - requires extensive compensation for adequate performance.

GROSS MANEUVERING - roll response was not as good as desired.

- not a problem.

SUM4ARY - pitch control light and predictable.

- aileron motioit too large, tended to overcontrol.
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FLT NO. : 1565
CONFIG. : 3UB
FORCE/MOTION: L/L
PR: 2/5/3/4

P I LOT COMMENTS

TRIM - not required.

STICK FORCES - light to moderate, comfortable.

"'CK MOTION - noticed, felt excessive at first, but
adapted well.

CONTROL HARMONY - good.

PREDICTABILITY - good except for tracking.
OF RESPONSE

FORMATION - little bit of looseness in the controls,
but nothing particularly bad.

AIR-TO-AIR - could acquire the target, but could not
TRACKING stay on, slight bobble in pitch.

GROSS MANEUVERING - little excessive on the amount of stick
motion.

SLU4ARY - felt zomfortable and adapted quickly.

- tracking at low speed was the only problem,
feeling of sloppiness in the stick,
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FLT NO. 15S3
OWN.: ]4U

PR: 5/7/4/7

PIWT CEN•S

TRIM - annoying lateral inputs .hen trim"ed in pitch,
had to trim more than desired.

STICK FORCES - heavy in pitch and quite sensitive laterally.

STICK NDTION - not noticed.

CONTROL HARMONY - lack of harmny was objectionable.

PREDICTABILITY - not too bad, but had a tendency to overcontrol
OF RESPONSE in roll for small inputs.

FORMATION - quite jerky in formation, particularly in roll.

AIR-TO-AIR - had to be very careful of pitch inputs, strong
TRACKING tendency to bobble.

GROSS MANEUVERING - roll was too sensitive and had to work too hard

in pitch.

SLUMiRY - bobbling in pitch during tracking was a problem.

- hard to got smooth rolls,"was jerky, tended to
have a step response.
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FLT.NO.: IS59
CONFIG.: 4UA
FORCE/MOTION: M/F
PR: 3/5/2/4

PILOT COMMENTS

TRIM - no problem.

STICK FORCES - slightly light in pitch.

STICK MOTION - not noticed.

CONTROL HARMONY icý in-blem.

PREDICTABILITY g
OF RESPONSE

FORMATION - sensitive in pitch with a tendency to PIO.

- using nose down trim tended to reduce the
tendency to overcontrol in pitch.

AIR-TO-AIR - good in pitch, but trouble with aileron
TRACKING control.

GROSS MANEUVERING - rolls pretty nicely.

- can't roll as fast to the right - perhaps
due to hand geometry.

SU4MMARY - tendency to rock the wings during tracking
and overcontrol in pitch during close formation
unsatisfactory.
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FLT NO. : 157

OONUIG. : 4UA

PR: 2/3/3/3

PILOT COIWFS

TRIN - no problem.

STICK FORCES - good.

STICK NOTION - none noticed,

CONTROL HARNONY - no problem.

PREDICTABILITY - okay.
OF RESPONSE

PORNATION - easy to fly formation.

AIR-TO-AIR - could hold it well laterally, had to
TRACKING work to hold it in pitch.

GROSS MANEUVERING - overshoot about 0.5 g.

- couldn't roll right and pull at the same
time easily.

SUN4ARY - don't like the configuration.

- ailerons were a little bit heavy.

- Uiked the pitch control.
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FLT NO.: IS54
CONPIG.: SUA
PORCE/MOTI04: N/S
PR: 2/S/3/4

PILOT COENTS

TIZN - easy.

STICK PORISC - no problem, good.

STICK NOTION - not noticed.

CONTROL HUAR4)Y - no comnents initially.

PRBDICTABILITY - no commnts.
OP RESPONSE

FORWMTION - real nice, smooth.

AIR-TO-AIR - very smooth in pitch, problem in holding
TRACKING lateral position - almost a lateral PlO.

GROSS ANEYNERING - easy to coordinate, aileron control is

a bit of a problem.

SUIMARY - hard to get a good right roll.

- aileron control a problem.

- harmony a problem.

COMMENTS - no problem with turbulence.
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FLT NO. : 1558
CONFIG. : SUB
PCIRCE/MOTION: W/S
PR: 2/3/1/2

P I LOT COMNTS

TRIM - occasional inadvertent pitch input with

lateral trim.

STICK FORCES - good.

STICK MOTION - not noticed.

CONTROL HARMONY - good, rudder too sensitive.

PREDICTABILITY - pitch and roll good, rudder too sensitive.
OF RESPONSE

FORMATION - satisfactory.

- use of rudder to hold position dumped
the system.

AIR-TO-AIR - directional control of the pipper

TRACKING a problem.

GROSS MANEUVERING - no problem.

SUI4MARY - good harmony in pitch and roll.

- only objection was the sensitivity of
the rudders.
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FL NO. : IS67
CONFIG.: SUA
PROQ/NTI04: WS
PR: 2/2/3/3

PILOT M fi

TRIN - easy.

STICK.PORCZS - okay.

STICK NOTION - no commnts.

OONTROL HAMONY - okay.

PREDICTABILITY - okay in pitch.
OF RESPONSE - had a feeling of apprehension about the roll, but

didn't have the expected PlO problem in tracking.

FORMATION - no problem.

AIR-TO-AIR - good.
TRACKING

GROSS MANVUERING - felt apprehensive about the ailerons.
- problem with using thumb for roll control

during imaneuvering.

SUM4ARY - good pitch control.

- light but noticeable turbulence in air-to-air
tracking.
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FLT. NO.: ISS3
CONFIG.: 6UA
FORCI/WOION: N/L
PR: 3/4/3/4

PILOT CO4N'"S

TRIM - good.

STICK FORCES - okay.

STICK MOTION - never noticed what stick notion was.

CONTROL HARMONY - good.

PREDICTABILITY - real fine.
OF RESPONSE

FORMATION - same workload evident in pitch.

AIR-TO-AIR - tended to overshoot slightly.

TRACKING

GROSS MANEUVERING - had to watch the pitch a little.

SUM4ARY - had to think about flying it in pitch.

- small tendency to overcontrol in pitch.
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FLT NO.: 1555
CONFIG.: 7UB
FORE/MOTIGON: H/P
PR: 4/7/S/7

PILOT COMMENTS

TRIM - no problem.

STICK FORCES - heavy in pitch, light in roll.

STICK NOTION - not noticed.

CONTROL HAJWONY - not bad, pitch a little stiff.

PREDITABZLITY - tough tire. holding a constant "g" but
OF RESPONSE not bad in the tracking task.

PORMATION - tendency to bobble in roll.

- not really satisfied with the performance.

AIR-TO-AIR - hard to control lateral-directional oscillations.
TRACKING

GROSS MANEUVERING - could not hold "g" constant.

SUMMARY - some difficulty in roll.

- tired arm in pitch.

- lateral-directional overshoots were objectionable.
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FLT. NO.: 1557
CONFIG.: 7UA
FORCE/MOTION: H/F
PR: 5/6/5/5

PILOT COMMENTS

TRIM - okay.

STICK FORCES - pitch okay, but lateral heavy.

STICK MOTION - none noticed.

CONTROL HARMONY - okay.

PREDICTABILITY - good.
OF RESPONSE

FORMA'ION - heavy aileron force a problem.

AIR-TO-AIR - trouble longitudinally holding on the target.
TRACKING

GROSS MANEUVERING - forces too high.

SUMMARY - arm gets tired from heavy lateral forces.
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FLT. NO.: 1561
CONFIG.: 8UA
PORCE/MOTION: H/S
PR: 3/4/4/4

PILOT COM•ENTS

TRIM - easy, used in formation and maneuvering.

STICK FORCES - right roll forces high.

STICK MOTION - not much, okay.

CONTROL HARMONY - ailerons too heavy, real good.

PREDICTABILITY - overcontrolling in roll.
OF RESPONSE

FORMATION - heavy lateral forces.

AIR-TO-AIR - heavy lateral forces.
TRACKING

GROSS MANEUVERING - heavy lateral forces.

SUMMARY - heavy lateral forces tiring.
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FLT. NO.: IS65
CONFIG.: 8UB
FORCE/MOTION: H/S

PR: 2/6/2/5

PILOT COMMENTS

TRIM - good.

STICK FORCES - comfortable.

STICK MOTIONS - not noticed.

CONTROL HARMONY - no complaints.

PREDICTABILITY - very good in all but tracking.
OF RESPONSE

FORMATION - tires the arm but very good generally.

AIR-TO-AIR - difficult to keep pipper directionally on
TRACKING the target - roll control problem.

GROSS MANEUVERING - good but tirin- on the arm.

SUW4ARY - only objection was roll control difficultiesin tracking - directional pipper problem.
- little tiring on the arm in maneuvering.

61



FLT. NO.: 1554
CONFIG. : 9UA
FORCE/MOTION: VH/F

PR: 7/7/7/7

PILOT COMMENTS

TRIM - no problem.

STICK FORCES - heavy.

STICK MOTION - not noticed.

CONTROL HARMONY - not a factor.

PREDICTABILITY - heavy laterally, but steady.
OF RESPONSE

FORMATION - can trim it, works fine.

- steady, but not quick en'ough in rolls.

AIR-TO-AIR - lateral position a problem, sort of a
TRACKING lateral PlO.

GROSS MANEUVERING - lateral forces too high in rolls, heavy in general.

SUM4MARY - solid airplane.

- extremely heavy both lateral and longitudinal.
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FLT. NO.: 1564
CONFIG.: IOUA
FORCE/MOTION: M/F (sp .25)
PR: 5/7/3/6

PILOT COM4ENTS

TRIM - easy to trim.

STICK F':RCES - not a problem.

STICK NOTION - not noticed.

CONTROL HARMONY - no problem.

PREDICTABILITY - okay.
OF RESPONSE

FORMATION - unsatisfactory In pitch because of PIO tendency.

AIR-TO-AIR - PIO tendencies in pitch a problem.
TRACKING

GROSS MANEL'VERING - too sensitive in pitch.

SUMMARY - sensitive in pitch but ailerons okay.

- problems with thumb in pitch-roll maneuvers.
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FLT. NO.: 1561
CONFIG.: 1lUA
FORCE/MOTION: 4 •/F (rsp .2)
PR: 4/4/3/4

PILOT COMMINTS

TRIM - easy.

STICK FORCES - no problems.

STICK NOTION - stick moved a little in rolls.

CONTROL HARMONY - good.

PREDICTABILITY - good, save ratcheting in right rolls.
OF RESPONSE

FOPMATION - some tendency to PIO at high speeds, aileron okay.

AIR-TO-AIR - little PIO.
TRACKING

GROSS MANEUVERING - easy, some slight ratcheting in rolls.

SzU4ARY - easy to handle and maneuver.

- minor deficiencies are tendency to PIO in pitch
and ratcheting in right rolls.

64
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FLT. NO.: 1564
COMPIG. : 12UA
PORCE/NOTION: M/FP (T 1. 0)
PR: 3/7/3/6 R

PI LOT COUMTnS

TRIM - easy to trim.

STICK FORCES - light, liked then despite lateral PlO problem.

STICK MOTION - not noticed.

CONTROL HARMONY - no problem.

PREDICTABILITY - okay.
OF RESPONSE

FORMATION - tend to wing rock, ratchet in roll, lateral PIO0

AIR-TO-AIR - pitch control okay, but lateral positioning
TRACKING was difficult, lateral PlO present.

GROSS MANEUVERING - thumb gets sore in combined pitch-roll maneuvers
to the right.

SJ44ARY - tendency to PIO in roll, pitch no real problem.
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FLT. NO.: 1566
CONFIG.: 13UA
PORCE/MOTION: 4/S (T - 1.0)
PR: 1/2/3/3 R

PILOT COMIET

TRIM - no problems.

STICK FORCES - light, good.

STICK NOTION - noticed in the ailerons, but it's not bothersome.

CONTROL HARMONY - didn't like stick for rolling.

PREDICTABILITY - good.
OF RESPONSE

FORMATION - good.

AIR-TO-AIR - wasn't perfectly steady but good enough.
TRACKING

GROSS MANEUVERING - disliked stick grip for rolling which
degraded configuration.

SU#4ARY - didn't like using thumL in rolls to the right.

- got a sore thumb from flying.

1.
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FLT. NO.: IS66
CONFIG.: ILA
PORCE/MOTION: L/F
PR: 2

PILOT COMMENTS

TRIM - easy.

STICK FORCES - not too heavy, about right.

STICK NOTION - none.

CONTROL HARMONY - good.

PREDICTABILITY - good.
OF RESPONSE

GENERAL AIRPLANE - easy to fly the ILS.
CONTROL - liked it, just a little bit of a tendency to

overcontrol in pitch in the flare.

- overcontrolled in pitch on the touch and go.

SUMMARY - forces good.

- no noticeable objectionable features.

- felt close to a problem with overcontrolling
in pitch.

6I
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FLT. NO.: 1552
CONFIG.: ILB
PORCE/NOTION: L/F
PR. 4

PILOT COI44ENTS

TRIM - could be faster (1.0 setting used), okay.

STICK FORCES - very light.

STICK MOTION - none.

CONTROL HARMONY - okay, heavier aft, easier to roll left.

PREDICTABILITY - good.
OF RESPONSE

GENERAL AIRPLANE - very sensitive, must be careful on approach
CONTROL flare was natural.

- rudder too stiff, would like some motion.

SUI44ARY - quick response in all axes was good.

- little wobbly and at times tou responsive.

- primary deficiencies were the rudder and
inadvertant inputs in pitch and roll.
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FLT. WO. :S63
CONFIG.: 21A
PO•M/OTXON: L/S
PR: 3

PILOT COM4METS

TRIM - easily trinmed.

STICK FORCES - okay.

STICK MOTION - didn't notice much in pitch, but quite a bit
in the lateral for larger turns.

CONTROL HARMONY - stick moved too much in roll as compared to
the pitch.

PREDICTABIL'.Y - some difficulty getting the proper pitch response
OF RESPONSE to coordinate with a roll input.

GENERAL AIRPLANE - no problem with the flare or touch down.
CONTROL - needed to pull the nose up before commencing

to roll during the closed pattern.

SUMMARY - liked the light stick fnrces, was easy to flare.

- there was too much lateral notion in the stick.
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FLT. NO.: 1S6S
CONFIG.,: 2LB
FORCE/MOTION: L/S
PR: 2

PILOT COMMENTS

TRIM - okay.

STICK FORCES - comfortable, between light and moderate.

STICK MOTION - more noticed longitudinal than lateral, no problem.

PREDICTABILITY - no coments.
OF RESPONSE

GENERAL AIRPLANE - no problems in smooth air.
CONTROL

SUMMARY - very comfortable, easy to adapt to.
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FLT. NO.: ISS6
CONFIG. : 3LA
FORCE/MDTION: L/L

PR: 5

P I LOT COMMENTS

TRIM - no problems.

STICK FORCES - okay.

STICK MOTION - noticed but not a factor.

CONTROL HARMONY - no problem.

PREDICTABILITY - poor feel in pitch, tendency to overcontrol.
OF RESPONSE

GENERAL AIRPLANE - flare was the major problem where there was
CONTROL a tendency to overcontrol in pitch.

- tendency to overbank in left turn was bothersome.

SUMMARY - primary deficiency was associated with overcontrol
in pitch in the flare.
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FLT. NO.: 1560
CONFIG.: 3LB
FORCE/MOTION: L/L
PR: 4

PILOT COMMENTS

TRIM - good.

STIC0 FORCES - light and comfortable.

STICK MOTION excessive, a lot of motion for a response.

CONTROL HARHONY good.

PREDICTABILITY - good.
OF RESPONSE

GENERAL AIRPLANE - top aileron requirea on turns to final.
CONTROL

- hand moving back and forth in tte flare -

oscillatory type inputs to get desired response.

SUD4ARY - comfortable to fly, forces light.

too much stick motion, not enough direct control ofaircraft.

- noticed a hunting motion in pitch sometimes.

I
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FLT. NO.: 1554
CONFIG.: 4LA
FORCE/MOTION: M/F
PR: 3

PILOT COMMENTS

TRIM - no direct problem.

STICK FORCES - little heavy.

STICK MOTION - not noticed.

CONrRCL HARMONY - no problem.

PPEDICTABILITY - no problems.
OF RESPONSE

GENERAL AIRPLANE - PIO in flare whei attention diverted to trim.
CONIROL - must concentrate when trimming or it would PIO.

SLFAARY - easy to fly the ILS.

- had to cenpensate just slightly or you couldS~get into a pitch PIO.

7:ý
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FLT. NO.: 1S67
CONFIG.: 4LA
FORCE/MOTION: M/F
PR: 3

PILOT COM4ENTS

TRIM - easy to trim.

STICK FORCES - fine.

STICK MOTION - not noticed.

CONTROL HARMONY - okay.

PREDICTABILITY - nc. comments.
OF RESPONSE

GENERAL AIRPLANE - ILS not a problem.
CONTROL

SUMM4ARY - main objection was rolling right,
required too much strength in the thumb.

7
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FLT. NO.: 1566
CONFIG.: SLA
FORCE/MOTION: W/S
PR: 4

PILOT COMMENTS

TRIM - easy to trim.

STICK FORCES - light, no problem.

STICK MOTION - none, okay.

CONTROL HARMONY - good.

PREDICTABILITY - good.
OF RESPONSE

GENERAL AIRPLANE - a !ittle bit of overcontrolling in pitch.
CONTROL

- small problem with rotation.

SUMMARY - objected to slight tendency to over-rotate in

the flare and ratchet the flare just a little bit.
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FLT. NO. 1566
CONFIG.: 6LA
FORCE/WOTION: W/L
PR: 4

PIWOT CO*(ENTS

TRIM - easy to trim.

STICK FORCES - very light, good.

STICK MOTION - noticed slop in the ailerons, not desirable -

some in pitch but not as much of a problem.

CONTROL HARMONY - no problems.

PREDICTABILITY - little slow to respond, too much motion required.
OF RESPONSE

GENERAL AIRPLANE - had to work quite a bit, particularly in the flare,
CONTROL

SUM4MARY - easy to fly ILS.

- no trouble with thumb.

- sloppy stick was objectionable, especially laterally.
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FLT. NO.: 1555
CONFIG.: 6LB
FORCE/MOTION: M/L
PR: 2

PILOT COMMENTS

TRIM - okay.

STICK FORCES - low and comfortable.

STICK MOTION - large, but not a problem in pitch and roll.

CONTROL HARMONY - good.

PREDICTABILITY - toward the sloppy side.
OF RESPONSE

- no tendency to overshoot.

GENERAL AIRPLANE - good.
CONTROL

SUMMARY - a little bit sloppy or sluggish but not
objectionably so.

- no objectionable features.

- easy to fly with no special thoughts.
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FLT. NO.: 1561
CONFIG.: 7LA
FORCE/MOTI ON: H/L
PR: 7

PILOT COMMENTS

TRIM - fly it with the trim.

STICK FORCES - too heavy in both axes.

STICK MOTION - didn't notice any.

CONTROL HARMONY - both heavy, okay.

PREDICTABILITY - predictable, but too much work.
OF RESPONSE

GE.!NERAL AIRPLANE - tendency to PIO.
CONTROL - seems to require large force to hold bank angle

in a turn - wants to overturn.

SLUM4ARY - instrument flying no problem.

- flare and touch down were problem areas

due to high forces.

- must use trim because of heavy forces.

k
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FLT. NO.: 1.563

CONFIG.: 7LA
FORCE/MOTION: H/L
PR: 4

PILOT COMMENTS

TRIM - easily trimied.

STICK FORCES - higher than desired in both axes, but especially

on the ailerons.

STICK MOTION - not noticed.

CONTROL HARMONv - okay, equally heavy.

PREDICTABILITY - good.
OF RESPONSE

GENERAL AIRPLANE - flew pretty well, especially on the ILS approach.

CONTROL - flare and touch down were pretty easy.

SJ44ARY - aileron forces were too high.

- difficult to hold ailaron forces in the outboard

direction with the normal motion of the hand.
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FLT. NO.: 1560

CONFFIG. : 7LB
FORCE/MOTION: H/F

PR: 6

PILOT COMMENTS

TRIM - used triu more than normal, okay.

STICK FORCES - heavy.

STICK MOTION - not noticed.

CONTROL HARMONY - good, both heavy.

PREDICTABILITY - not too good, a lot of force required to get
OF RESPONSES the aircraft moving.

GENERAL AIRPLANE - slight tendency to bobble in pitch in
CONTROL the flare and touch down.

- large force required in pitch for the closed pattern.

SUMMARY - felt "stiff" in pitch and roll.

- required lcts of trim due to heavy forces.

- a lot of effort required to get the desired
initial response.
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FLT. NO.: 1556

CONFIG. : 8LA
FOMM/WDFION: H/S

PR: 6

PILOT COMMENTS

TRIM - good

STICK FORCES - pitch okay, but ailerons t -. heavy.

STICK MOTION - noticed in rol!.

CONTROL HARMONY - poor, coulo no" seem to apply simultaneous inputs.

PREDICTABILIT, - aileron response too slow and sloppy.
OF RESPONSE

GENERAL AIRPLANE - easy to balloon in the flare because of the
CONTROL attention required in roll.

SUMMARY - poor harmony and heavy, sloppy, lateral control
wao major objection.
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FLT. NO.: lSS8
CONFIG.: 8LB
PORCE/MOTION: H/S
PR: S.S

P I LOT CO1MMENT

TRIM - not used.

STICK FORCE - heavy.

STICK MOTION - noticed heavy "glue pot" type motion, moved a
little but required a large force.

CONTROL HARMONY - good.

PREDICTABILITY - relatively good, a little tendency to overshoot
OF RESPONSE in pitch.

GENERAL AIRPLANE - easy to fly ILS.
CONTROL - tendency to overrotate in the flare and bobble

as well as balloon.

- touchdown predictability was poor.

SL"RY - liked the side stick motion - seemed to

harmonize nicely with the traffic pattern.

- control forces were too heavy and controller
too viscous.

- had to compensate for the tendency to over-
rotate a little in the flare.
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FLT NO.: 1557
CONFIG.: 9LA
FORCE/MOTION: VH/F
PR: 7

PILOT COMENTS

TRIM - no problem. '

STICK FORCES - too much force in roll and pitch.

STICK MOTION - no comments.

CONTROL HARMONY - both bad, no problem.

PREDICTABILITY - okay, too heavy.
OF RESPONSE

GENERAL AIRPLANE - ILS no problem.

CONTROL - forces objectionable, had to use trim to flare.

SUUMARY - critical task is the flare and touchdown.

- stick forces are heavy, heavy.
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FLT. NO. : 559
CONFIG. : 9LA
FORCE/MOTION: VH/F
PR: 7

PILOT COMMENTS

TRIM - okay, used a lot.

STICK FORCES - pitch and roll forces too high.

STICK MOTION - not noticed.

CONTROL HARMONY - no comments.

PREDICTABILITY - good, but forces too high.
OF RESPONSES

GENERAL AIRPLANE - very stable aircraft.
CONTROL - a lot of trim required to get a good flare

and touchdown, otherwise overcontrolled.

- ailerons were not much of a problem.

SLWNARY - stick forces too heavy - had to use trim to flare.

j
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